ABSTRACT BACKGROUND In patients with angina and nonobstructive coronary artery disease (NOCAD), confirming symptoms due
acute coronary occlusion (7, 8) . In patients with stable angina and NOCAD, CMD can be identified by using an IMR threshold of $25 U (9,10), and an elevated IMR is linked to lower Duke treadmill scores (10) , with prognostic value in predicting long-term major adverse cardiac events (11) . However, IMR can only be determined during invasive coronary angiography by experienced operators. Thus, being able to noninvasively and conveniently assess CMD is highly desirable for clinical risk stratification and guiding patient therapy.
Cardiac magnetic resonance (CMR) is an ideal
noninvasive modality for assessing patients with angina (4, 12) . Adenosine stress CMR evaluates myocardial perfusion with high spatial resolution and accurately detects ischemia due to obstructive epicardial CAD (13, 14) . Although previous studies have evaluated myocardial perfusion in patients with NOCAD using CMR (15-17), these studies have included heterogeneous patient cohorts, without objective validation against an invasive marker of CMD; the result is conflicting findings with limited direct clinical applicability (15-18). There is currently no accepted objective diagnostic threshold for assessing CMD using CMR.
The goal of the present study was to validate stress perfusion CMR to objectively and noninvasively diagnose microvascular angina, with correlation to invasive coronary measures (FFR and IMR). We also examined the underlying mechanism for impaired myocardial perfusion reserve (MPR) in CMD, using absolute quantification of myocardial blood flow and MBF) were comparable between the 1.5-T and 3-T scans in control subjects and patients (all p > 0.50).
All study procedures were approved by a local ethics committee (Reference: 13/SC/0376), and all subjects provided written informed consent. 78% to 98%), and accuracy of 92% (95% CI: 80% to 99%) ( Figure 3B ). An MPRI threshold of 1.6 yielded a high negative predictive value (95%; 95% CI: 79% to 99%) and sensitivity (94%; 95% CI: 77% to 99%) for ruling out significant inducible ischemia due to CMD. Liu et al. Values are mean AE SD, mean (range), or n (%). All p values for CMR parameters were determined by using an analysis of variance with Bonferroni post hoc method. All p values for coronary physiology were determined by using an unpaired Student's t-test. *p < 0.01 compared with control subjects. †p < 0.01 compared with patients with CAD. 
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Each dot represents data from a single vessel (66 vessels from 22 patients with NOCAD).
Rho is the Spearman's correlation coefficient. MPRI ¼ myocardial perfusion reserve index; other abbreviations as in Figure 1 . Liu et al.
defined according to angiographic appearances alone This 68-year-old male patient with angina had a normal resting electrocardiogram, and an exercise electrocardiogram was aborted early due to severe angina. A single photon-emission computed tomography scan was negative for inducible ischemia, and dobutamine stress echocardiography showed possible inferior wall hypokinesia during stress. He was referred for invasive coronary angiography. On 3-T CMR pre-angiography (normal ejection fraction: 60%;
no regional wall motion abnormalities), the patient had no obvious regional reversible perfusion defects, and no myocardial infarction on late gadolinium enhancement (LGE) imaging, suggesting no obstructive epicardial CAD. However, the MPRI was globally impaired (<1. 
